Introduction {#sec1-1}
============

Leukemia is a malignant proliferative disorder of leukopoietic bone marrow stem cells. It is characterized by over-crowding of the bone marrow by immature neoplastic leukocytes and widespread infiltration of organs, tissues, and peripheral blood with immature leukocytes.\[[@ref1]\] According to the Indian Council of Medical Research, there have been 229,811 males and 157,933 females suffering from the disease.\[[@ref2]\] They can be classified on the basis of the type of white blood cells affected as lymphoid or myeloid leukemias and based on the clinical course of disease as acute or chronic leukemias.\[[@ref3]\]

Knowledge of ocular involvement in leukemia is important because the eye is the only site where the leukemic involvement of nerves and blood vessels can be observed directly.\[[@ref4]\] Liebreich was the first to described leukemic retinopathy in the 1860s. Ever since reports show that virtually all intraocular structures may be involved.\[[@ref5][@ref6]\] Patients have been reported with leukemic infiltrates of the optic nerve, choroid, retina, iris, ciliary body, and anterior chamber. Retinal changes can be related to direct invasion of tissue by neoplastic cells, to manifestations of associated hematological abnormalities such as anemia, thrombocytopenia, hyperviscosity states, to opportunistic infections, or to unrelated chance findings.\[[@ref5]\] The ocular manifestations of leukemia can be divided into direct manifestations (leukemic infiltrates), possible direct manifestations (e.g., white-centered retinal hemorrhages/roth spots), manifestations of complications of leukemia (chiefly anemia, thrombocytopenia, and hyperviscosity states), opportunistic infections, and those related to medical therapy.\[[@ref5]\] There is no literature available to describe the difference between manifestations of acute and chronic leukemia. Manifestations were found to be more common in acute leukemia in a study by Reddy *et al*.\[[@ref7]\] while a study by Eze *et al*.\[[@ref1]\] showed more ocular manifestations in chronic leukemia. The present study was carried out to assess ocular involvement in patients of leukemia and various myeloproliferative disorders and to derive an association between these ocular manifestations and hematological parameters of the patients.

Materials and Methods {#sec1-2}
=====================

The present study was conducted in the Department of Ophthalmology, Himalayan Institute of Medical Sciences, Swami Ram Nagar, Dehradun, India over a period of 12 months, from January 2014 to December 2014. It was an observational descriptive study. All diagnosed cases of leukemia and myeloproliferative disorders presenting to Department of Oncology were included in the study after informed consent. These included acute myeloid leukemia (AML), acute lymphoblastic leukemia (ALL), chronic myeloid leukemia (CML), chronic lymphoblastic leukemia (CLL), non-Hodgkin\'s lymphoma (NHL), and multiple myeloma (MM).

Patients with a history of diabetes, hypertension, any intraocular surgeries in the past 3 months, autoimmune disorders, vascular occlusions, or hematological disorders were excluded from the study. The study was approved by the ethical committee of the Swami Ram Himalayan University.

Data collection {#sec2-1}
---------------

Data collection was done according to preset format. This included a demographic profile of the patient, medical history, record of hematological parameters including hemoglobin (Hb), total leukocyte count (TLC), and platelet count. The complete ophthalmic examination was done including best-corrected visual acuity (BCVA) on retro illuminated Snellen\'s chart, slit lamp biomicroscopy for the anterior segment and posterior segment evaluation by + 90D (Volk Optical Inc.), and indirect ophthalmoscope (Keeler Ltd., Winsor, UK). Posterior segment examination was performed after pupillary dilation with 1% tropicamide eye drops (Tropicacyl eye drops, Sunways India). Anterior and posterior segment photographs were taken for records except in patients unable to cooperate for clinical pictures. Intraocular pressure (IOP) was recorded with Goldmann applanation tonometer except in patients unable to rest chin on the slit lamp, in whom IOP was measured by tonopen (AVIA Reichert). In debilitated patients, initial examination was done bedside, and retinal examination was done using a direct ophthalmoscope (Welch Allyn, USA) and indirect ophthalmoscope. Patients were then examined in eye outpatient department if necessary.

Data management and statistical analysis {#sec2-2}
----------------------------------------

Interpretation and analysis of obtained results were carried out using IBM SPSS version 20, SPSS Inc., Chicago, Illinios, the USA for descriptive statistics. Association between ocular manifestation and hematological parameters was checked by Mann--Whitney U-test. Statistical significance of the data was checked at 5% level of significance, *P* \< 0.05 taken as statistically significant.

Results {#sec1-3}
=======

In this study, 102 patients diagnosed with leukemia and myeloproliferative disorders were included, out of which 64.7% patients were males, and 35.3% were females with male: female ratio of 1.8:1. Sixty-eight (66.7%) patient was newly diagnosed while 34 (33.3%) patients were existing patients on treatment. The patients were between the age ranges of 5--80 years (mean 39.27 ± 19.76 years). [Table 1](#T1){ref-type="table"} shows the distribution of patients according to diagnosis, age, and sex.

###### 

Distribution of patients according to diagnosis, age, and sex

  Study groups   0-20 years (%)   21-40 years (%)   41-60 years (%)   61-80 years (%)                                    
  -------------- ---------------- ----------------- ----------------- ----------------- ----------- -------- ----------- ----------
  AML (*n*=24)   5 (5)            3 (3)             7 (6.9)           6 (6)             2 (2)       0        1 (1)       0
  ALL (*n*=26    6 (6)            5 (5)             4 (4)             5 (5)             4 (4)       2 (2)    0           0
  CML (*n*=15)   1 (1)            0                 3 (3)             3 (3)             4 (4)       1 (1)    2 (2)       1 (1)
  CLL (*n*=3)    0                0                 0                 0                 2 (2)       0        1 (1)       0
  NHL (*n*=15    2 (2)            0                 3 (3)             2 (2)             5 (5)       1 (1)    2 (2)       0
  MM (*n*=19)    0                0                 0                 1 (1)             6 (6)       1 (1)    6 (6)       5 (5)
  Total          14 (13.7)        08 (7.8)          17 (16.7)         17 (16.7)         23 (22.5)   05 (5)   12 (11.8)   06 (5.8)

AML=Acute myeloid leukemia, ALL=Acute lymphoblastic leukemia, CML=Chronic myeloid leukemia, CLL=Chronic lymphoblastic leukemia, NHL=Non-Hodgkin's lymphoma, MM=Multiple myeloma

In the study group, 88 (86.3%) patients had BCVA 6/18 or more in better eye, 4 (4%) patients had visual acuity more than 3/60, and \<6/18 in better eye while 10 (9.8%) patients had visual acuity \<3/60 in their better eye. The mean IOP of the patients was 14.19 ± 3.960 mm of Hg.

Ocular manifestations were noted in 40 (39.3%) out of the 102 patients. Manifestations were broadly grouped as extraocular manifestations and intraocular manifestation. Extraocular manifestations were seen in 11 patients (10.8%) out of which subconjunctival hemorrhage being the most common. Ten patients with extraocular manifestation also had intraocular manifestation. Furthermore, the extraocular manifestations were most frequently seen in patients with acute leukemias (9.8%) as compared to chronic leukemias (1%) \[[Figure 1](#F1){ref-type="fig"}\]. Patients of NHL and MM had no ocular findings.

![Extraocular manifestations in the study group (AML = Acute myeloid leukemia, ALL = Acute lymphoblastic leukemia, CLL = Chronic lymphoblastic leukemia)](AAM-15-97-g001){#F1}

Intraocular manifestations were more commonly seen than extraocular manifestations in this study. Thirty-nine patients had posterior segment involvement. Posterior segment was more commonly involved in acute leukemia (45.1%) than chronic leukemia (7.7%). The most common posterior segment finding was intraretinal hemorrhages seen in 32 (31.3%) patients, followed by Roth\'s spots seen in 26 (25.4%) patients \[[Table 2](#T2){ref-type="table"}\]. Eleven patients had preretinal bleed associated with intraretinal hemorrhage and roth spots while four patients had disc edema associated with intraretinal hemorrhage and roth spots.

###### 

Intraocular manifestations in the study group

  Intraocular findings (*n*=102)   AML (%)   ALL (%)   CML (%)   CLL (%)   Total (%)
  -------------------------------- --------- --------- --------- --------- -----------
  Retinal hemorrhage                                                       
   Intraretinal hemorrhage         5 (4.9)   6 (5.9)   2 (1.9)   0         13 (12.7)
   Roth spots                      4 (3.9)   2 (1.9)   0         1 (1)     7 (6.8)
   Both                            6 (5.9)   9 (8.9)   2 (1.9)   2 (1.9)   19 (18.6)
  Disc edema                       2 (1.9)   1 (1)     1 (1)     0         4 (3.9)
  Preretinal bleed                 7 (6.9)   4 (3.9)   0         0         11 (10.8)

AML=Acute myeloid leukemia, ALL=Acute lymphoblastic leukemia, CML=Chronic myeloid leukemia, CLL=Chronic lymphoblastic leukemia

[Table 3](#T3){ref-type="table"} shows the association of ocular manifestations with mean hematological parameters. Ocular manifestations were significantly associated with low Hb (*P* = 0.000), raised TLC (*P* = 0.004), and low platelet count (*P* = 0.000).

###### 

Association of mean hematological parameters with ocular manifestations

  *n*=102                                  Mean Hb (±SD) (mg/dl)   Mean TLC (±SD) (thousands/cumm)   Mean platelet (±SD) (thousands/cumm)
  ---------------------------------------- ----------------------- --------------------------------- --------------------------------------
  With ocular manifestations (*n*=40)      7.35 (±2.81)            84.16 (±132.9)                    75.16 (±78.39)
  Without ocular manifestations (*n*=62)   9.92 (±2.59)            21.89 (±45.17)                    171.33 (±100.11)
  Mann-Whitney U-test                      618.500                 817.000                           571.000
  *P*                                      0.000                   0.004                             0.000

SD=Standard deviation, Hb=Hemoglobin, TLC=Total leukocyte count

Among 24 patients of AML, 16 patients (16%) had ocular manifestations and the occurrence of ocular manifestations showed a significant association with increased TLC (*P* = 0.05). Of 26 patients (25%) of ALL, 17 (16%) presented with ocular manifestations showing significant association with low Hb (*P* = 0.01) and low platelet count (*P* = 0.04). The number of CML patients with ocular manifestations was 4 (4%) out of 15 patients, and no association between blood parameters and manifestations could be derived in these patients. There were only three patients diagnosed with CLL with all three having ocular involvement. Association with hematological parameters could not be derived due to low number of patients \[[Table 4](#T4){ref-type="table"}\].

###### 

Association of mean hematological parameters with ocular manifestations in acute myeloid leukemia, acute lymphoblastic leukemia, and chronic myeloid leukemia

  Diagnosis (*n*=65)   Mean Hb (±SD) (mg/dl)   Mean TLC (±SD) (thousands/cumm)   Mean platelet (±SD) (thousands/cumm)                                                                            
  -------------------- ----------------------- --------------------------------- -------------------------------------- ---------------- --------------- ------ --------------- ---------------- ------
  AML (*n*=24)         7.2 (±2.5)              9.1 (±2.1)                        0.11                                   77.2 (±129.5)    15.5 (±18.9)    0.05   56.3 (±57.1)    110.9 (±103.4)   0.46
  ALL (*n*=26)         7.6 (±3.1)              10.3 (±2.6)                       0.01                                   78.6 (±113.7)    9.2 (±10.6)     0.20   69.5 (±84.2)    195.5 (±154.8)   0.04
  CML (*n*=15)         8.8 (±2.3)              9.3 (±2.1)                        0.79                                   192.4 (±234.4)   81.13 (±85.5)   0.43   96.8 (±110.6)   158.2 (±130.0)   0.29

AML=Acute myeloid leukemia, ALL=Acute lymphoblastic leukemia, CML=Chronic myeloid leukemia, Hb=Hemoglobin, TLC=Total leukocyte count, SD=Standard deviation

The most commonly noted posterior segment finding was intraretinal hemorrhages found in 32 patients (31.3%), followed by roth spots found in 26 patients (25.4%). Intraretinal hemorrhages were more commonly seen in acute leukemia (26 patients, 25.4%) than chronic leukemia (six patients, 5.8%). Among these, AML patients showed a significant association between intraretinal hemorrhages and low Hb while patients with ALL showed its significance with low platelet count. Among patients of chronic leukemia, no significant association between intraretinal hemorrhages and hematological parameters could be derived \[[Table 5](#T5){ref-type="table"}\].

###### 

Association of intraretinal hemorrhages with hematological parameters

  Diagnosis (*n*=65)   Mean Hb (±SD) (mg/dl)   Mean TLC (±SD) (thousands/cumm)   Mean platelet (±SD) (thousands/cumm)                                                                                    
  -------------------- ----------------------- --------------------------------- -------------------------------------- ------------------ ---------------- ------- ----------------- ------------------ -------
  AML (*n*=24)         6.41 (±2.53)            9.07 (±1.77)                      0.007                                  78.07 (±148.90)    38.47 (±60.17)   0.147   62.80 (±62.29)    84.55 (±90.48)     0.706
  ALL (*n*=26)         7.82 (±3.25)            9.62 (±3.02)                      0.102                                  87.13 (±118.82)    10.25 (±10.68)   0.287   72.34 (±89.61)    168.81 (±150.72)   0.046
  CML (*n*=15)         8.87 (±2.34)            9.29 (±2.06)                      0.794                                  192.45 (±234.47)   81.13 (±85.55)   0.433   96.83 (±110.65)   158.25 (±130.04)   0.117

AML=Acute myeloid leukemia, ALL=Acute lymphoblastic leukemia, CML=Chronic myeloid leukemia, Hb=Hemoglobin, TLC=Total leukocyte count, SD=Standard deviation

Roth spots were the second most frequently seen finding among patients. It was noted in 21 patients of acute leukemia (20.5%) and five patients of chronic leukemia (4.9%). Patients diagnosed with ALL showed a significant association between roth spots and low Hb while there was no significant association with the blood parameters of patients with AML. Association among patients of chronic leukemia could not be derived due to a small number of patients \[[Table 6](#T6){ref-type="table"}\].

###### 

Association of Roth spots with hematological parameters

  Diagnosis (*n*=50)   Roth spots                                                                                                             
  -------------------- -------------- --------------- ------- ------------------ ---------------- ------- ---------------- ------------------ -------
  AML (*n*=24)         7.44 (±1.93)   8.14 (±2.87)    0.292   100.34 (±161.37)   25.39 (±23.79)   0.364   62.70 (±69.73)   83.07 (±84.89)     0.520
  ALL (*n*=26)         6.08 (±2.01)   10.42 (±2.67)   0.000   80.11 (±109.78)    35.90 (±85.93)   0.169   65.86 (±77.42)   147.83 (±145.42)   0.186

AML=Acute myeloid leukemia, ALL=Acute lymphoblastic leukemia, Hb=Hemoglobin, TLC=Total leukocyte count, SD=Standard deviation

Discussion {#sec1-4}
==========

Leukemia and lymphomas are disorders that may affect the eye. The ophthalmic symptoms and findings can be the initial manifestation of the systemic illness. There can be various direct and indirect manifestations of the disease which may go unnoticed, without any symptoms but may be vision threatening at the same time.\[[@ref5]\]

Acute leukemia is a condition seen more commonly in younger age group in comparison to chronic leukemia. A similar finding was seen in this study, where the age of 102 patients ranged from 5 to 80 years, the mean age being 27.46 ± 15.24 years in acute leukemia, and 46.27 ± 17.53 years in chronic leukemia. Comparable ranges were stated by Guyer *et al*. (mean age 33.3 years)\[[@ref8]\] and Reddy and Jackson (mean age 34.6 years)\[[@ref4]\] in their studies done on acute leukemia.

There were 66 males (64.7%) and 36 females (35.3%) included in the study, thus showing male preponderance in all types of disorders except the acute leukemia (13% females in AML and 10% in ALL). This result was similar to results of a study by Querques *et al*.\[[@ref9]\] where a female preponderance in AML patients was noted (54.4%). Results of male preponderance in other disorders were comparable in studies by Eze *et al*.\[[@ref1]\] having 62.5% males and Omoti *et al*.\[[@ref10]\] which had 66.1% males and 33.9% females, and Suresh *et al*. having 62.5% males.\[[@ref11]\]

The cases of acute leukemia (48%) were more in the current study compared to chronic leukemia (18%). This result was supported by Suresh *et al*. having 87.5% patients with acute leukemia\[[@ref11]\] and Koshy *et al*.\[[@ref12]\] On the other hand, studies done by Eze *et al*.\[[@ref1]\] and Omoti *et al*.\[[@ref13]\] showed contrasting results (70.2% and 66.6% patients with chronic leukemia, respectively). This can be attributed to the fact that the incidence of chronic leukemia in Asia is lower than the western countries.\[[@ref7][@ref14]\]

The ocular involvement was seen in 32% in acute leukemia and 7% in chronic leukemia in this study. Reddy *et al*. in Malaysia documented ocular findings in 35.5% patients of acute leukemia. They, however, reported a higher percentage of involvement in chronic leukemia (34.9%)\[[@ref7]\] than this study. A higher incidence of ocular manifestations was noted by Eze *et al*. in Nigeria where the ocular involvement was higher in chronic leukemia (70.9%) than acute leukemia (33.3%) owing to a higher hospital prevalence of chronic leukemia in Nigeria.\[[@ref1]\]

Fourteen (13.7%) patients in this study had visual acuity \<6/18 due to direct ocular involvement. In comparison, Eze *et al*.\[[@ref1]\] reported a visual loss of 32.1% in their study while Schachat *et al*. reported a visual loss of 5%.\[[@ref15]\] This difference in the percentage of visual loss in these studies probably reflects the unequal quality and assessbilitity to health care in different parts of the world, and studies from African subcontinent have reported higher leukemic retinopathy.\[[@ref1][@ref16]\]

The study included 15% patients of NHL and 19% patients of MM, which was comparable to reports of Holt and Gordon-Smith\[[@ref17]\] having 14.4% of MM and Suresh *et al*. with 12.5% patients of MM in their study in Chennai.\[[@ref11]\] Omoti *et al*.\[[@ref10]\] reported that 31.4% patients of NHL in their study had ocular involvement. In this study, these patients showed no ocular involvement. This could be explained by the fact that these patients were already on treatment and had their hematological parameters within normal ranges.

Eleven out of 102 patients (10.8%) patients in the study group showed extraocular manifestations out of which 90.9% (ten patients) were of acute leukemia, and 9.1% (one patient) were from chronic leukemia. Similar results were reported by Reddy *et al*.\[[@ref7]\] while results of Eze *et al*.\[[@ref1]\] were found to be contrasting, with extraocular manifestations more commonly noted in patients of chronic leukemia. Owing to the higher number of patients of chronic leukemia in their study group.

Intraocular involvement was more common in this study and was more in acute leukemia. Comparable results were reported by Reddy *et al*., (33.7%)\[[@ref7]\] Koshy *et al*., (51.9%)\[[@ref12]\] and Suresh *et al*. (56.25%)\[[@ref11]\] in their studies. Studies conducted on retinal involvement in leukemia and myeloproliferative disorders by Guyer *et al*.,\[[@ref8]\] Reddy and Jackson\[[@ref4]\] abu el-Asrar *et al*.,\[[@ref18]\] and Querques *et al*.\[[@ref9]\] noted retinal abnormalities in patients of acute leukemia and showed comparable results.

In this study, the most commonly noted posterior segment findings were intraretinal hemorrhages followed by roth spots. They were seen more in acute leukemia than chronic leukemia, and this was supported by results noted in a study done by Reddy and Jackson\[[@ref4]\] and Suresh *et al*.\[[@ref11]\] Preretinal bleed was seen in 10.8% patients in this study. Similar results were seen in a study done in Chennai\[[@ref11]\] and studies done in Nigeria\[[@ref1]\] and Malaysia.\[[@ref4]\] In contrast to our study, where no ocular involvement was seen in patients of NHL, the study done by Omoti *et al*.\[[@ref10]\] showed disc edema in 2% patients and optic atrophy in 2% patients.

Ocular manifestations in this study were significantly associated with low Hb, raised TLC, and low platelet counts. Holt and Gordon-Smith\[[@ref17]\] in their study noted similar associations with low Hb and low platelet count but no association with raised TLC. Association of hematological parameters was further studied based on types of leukemia and types of hemorrhages.

Among the patients of acute leukemia where intraretinal hemorrhages were note in 26 patients, its significant association could be derived with low Hb (*P* = 0.007) in AML, the result being supported by Holt and Gordon-Smith (*P* \< 0.01),\[[@ref17]\] Guyer *et al*.(*P* = 0.05),\[[@ref8]\] and Suresh *et al*.\[[@ref11]\] Among patients of ALL, low Hb was not significantly associated with intraretinal hemorrhages. In these patients, low platelet count (*P* = 0.046) was found to be associated with intraretinal hemorrhages. Similar results were also reported by Reddy and Jackson\[[@ref4]\] Guyer *et al*.,\[[@ref8]\] and Holt and Gordon-Smith\[[@ref17]\] On the other hand, abu el-Asrar *et al*.\[[@ref18]\] and Suresh *et al*.\[[@ref11]\] noted a significant association of intraretinal hemorrhage with low Hb, in the patients of ALL.

Roth spots were the second most common manifestation seen in 21 patients of acute leukemia. No association of roth spots with any hematological parameters could be derived in patients having AML. This result was supported by Guyer *et al*.\[[@ref8]\] However, contrasting results were noted in studies conducted by Reddy and Jackson\[[@ref4]\] and abu el-Asrar *et al*.,\[[@ref18]\] where a strong relationship between roth spots and high TLC were noted. Patients of ALL in this study showed roth spots associated with low Hb. However, this result was dissimilar to that of Guyer *et al*. showing no association of roth spots with any of the three hematological parameters.\[[@ref8]\]

There are few limitations of this study. This study was hospital-based, and the sample size was small. The study group consisted of both newly diagnosed cases and patients already on treatment.

Conclusion {#sec1-5}
==========

The eye is the only site for direct visualization of visceral involvement and metastasis and also third most common extramedullary site for involvement.\[[@ref12]\] In this study, 39.3% patients had ocular involvement. Ocular involvement is also considered to be the early sign of worsening of the disease process among the patients of leukemia and myeloproliferative disorders with lower survival rate.\[[@ref19][@ref20]\] Hence, there is a need for an ocular examination in all such patients to predict worsening and need for early intervention to provide a better quality of life.
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